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Abstract

Cardiovascular diseases, such as coronary artery disease and heart 
failure, are some of the leading causes of death across England. 
They are commonly diagnosed via  electrocardiograms (ECGs) and 
echocardiograms. However, these techniques are subject to a lot of 
human error in assessments and accessibility to these services can be 
inadequate. This article examines the various methods that AI can be 
used to combat this issue and aims to review the innovations made 
through AI for healthcare in this area. It discusses the benefits and 
limitations of using AI to predict mortality and cardiovascular disease 
risk, detecting asymptomatic left ventricular dysfunction (ALVD) 
and assessing left ventricular ejection fraction. This avenue of AI is 
beneficial to healthcare as it can outperform traditional mortality and 
disease risk estimates, such as demographic data, allowing clinicians 
to utilise this information in personalised patient treatment, 
reducing the risk of a serious hospital stay. It can diagnose early-
stage ALVD, helping to treat it before progression to heart failure, 
alongside increasing accessibility to echocardiograms by reducing 
assessment times. However, one of these AI models uses coronary 
artery inflammation as a marker for heart attack risk, but this has not 
yet been proven to be related. Therefore, this article concludes that 
further research is required to assess the safety and efficacy of these 
AI systems in clinical practice, and if these requirements are met, then 
AI systems could be vital to solving the issues with the diagnosis of 
coronary artery disease and heart failure.

Abbreviations

AI – artificial intelligence 
AIRE – AI-ECG risk estimator 
ALVD – asymptomatic left ventricular dysfunction 
CAD – coronary artery disease

CTCA – computed tomography coronary angiography 
CVDs – cardiovascular diseases
ECGs – electrocardiograms 
LVEF – left ventricular ejection fraction 

Introduction

Cardiovascular diseases (CVDs), such as coronary artery disease (CAD) 
and heart failure, are currently one of the leading causes of death 
across the world.1  CVDs cause more than 39,000 of the deaths under 
75 in England, as reported in 2022.2  Some of the key interventions 
in diagnosing and treating common cardiovascular diseases are 
the use of ECGs (electrocardiograms) and other cardiac imaging 
techniques such as echocardiograms. In 2021, it was reported that 
64,962 people in England had to wait for 6 weeks or more to receive 
an echocardiogram,3 which could have detrimental effects on the 
quality of care for patients suffering from CVDs. Without the use of 
cardiac imaging for diagnostics, the doctors responsible for patient 
care cannot determine whether an individual requires an urgent 
intervention or not.3 Moreover, although there are currently methods 
of predicting cardiovascular disease risk, they are unable to provide 
specific disease risks and time-to-event predictions.4 

Artificial intelligence (AI) systems are being developed, which could 
potentially resolve these issues by decreasing the amount of time 
taken to perform and analyse cardiac imaging and perhaps predicting 
who is at risk of certain CVDs. For example, AI systems could use ECG 
data to detect the early stages of heart disease,5 predict mortality 
and risk of cardiovascular diseases and screen for cardiac contractile 
dysfunction.6,7

The AI used in this research utilises machine learning and deep 
learning systems. Machine learning is defined as ‘a sub-class of 
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artificial intelligence’. It is self-learning, based on algorithms that 
learn from their own experiences.8 Deep learning systems are 
machine learning systems that ‘are composed of multiple processing 
layers’.9 These layers allow the system to process large amounts of 
data and create links between each piece of information.10 However, 
these vast amounts of data put the system at risk of possible cyber-
attacks, which risks patient safety.11 Despite this, these systems are an 
exciting new avenue of healthcare, as they may improve patient care 
through rapid analysis of cardiac imaging to decrease wait times for 
diagnosis and by predicting patient risk of CVDs from ECGs.

Examples of AI systems utilising ECG data for 
diagnostics

Creating estimations for mortality and CVD risk

In current practice, systems such as QRISK (an algorithm used to 
calculate a cardiovascular risk score12) is used to predict mortality 
risk for patients with CVD risk factors.4 This algorithm does not 
provide the clinician with specific information that can be used to 
improve patient care; QRISK can provide the patient’s 10-year risk of 
developing a heart attack or stroke.4 The AIRE platform (AI-ECG risk 
estimator) that has recently been developed utilises an AI system to 
analyse ECG data, producing time-to-event prediction curves and 
assigning risk levels to patients.6 These graphs provide clinicians 
with enough information to create patient-specific care plans based 
on their mortality risk and risk of developing other CVDs. From their 
research, Arunashis Sau et al concluded that AIRE was superior at 
predicting mortality when compared to the standard methods of 
utilising demographic data and “traditional risk factors”.6 The AIRE 
model was also superior to traditional ECG analysis and the use of 
LVEF (left ventricular ejection fraction) to predict future ventricular 
arrhythmia.6

The AIRE model was trained on a substantial amount of data, which 
was taken from various international sources.6 This data was composed 
of millions of routine ECGs, allowing the AI model to predict risk 
based on which individuals later died or developed additional CVDs.6 
Although this admittedly ‘large’6 dataset allowed the AIRE model to 
create more precise and patient-specific predictions, this also raises 
some data security concerns.11 As large  amounts of data require 
cloud-based storage, this leaves them vulnerable to possible cyber-
attacks.11 The developers of the AIRE system did undertake measures 
to protect patients by anonymising all data,6 but it is important to 
consider the possible implications of using such large datasets for AI 
training. 

The use of the AIRE system in clinical practice could improve patient 
outcomes and care as clinicians can utilise the information provided 
by AIRE to analyse patients’ risk of mortality and CVDs. Individuals 
could be provided with a preventative treatment plan if their risk of 
developing a particular CVD is high, which could improve their life 
span.6 Moreover, a heart-failure specific version of AIRE could be used 
to reduce the ‘number of hospital admissions due to undiagnosed 
heart failure’,6 as it could allow healthcare professionals to diagnose 
and treat heart failure before the disease progresses. Despite the 
clinical benefits of integrating AIRE, it is vital that patient data is 
sufficiently protected and that informed consent is gathered.11

Detecting and diagnosing asymptomatic left ventricular 
dysfunction (ALVD)

Asymptomatic left ventricular dysfunction (ALVD) is defined as 
abnormal ventricular function in the absence of any symptoms.13 
ALVD is associated with the progression to heart failure and can 
reduce the quality and length of life.13,7 ALVD is found in roughly 3-6% 
of the general population and as it is asymptomatic,7 it can progress 
to heart failure due to a lack of diagnosis or early treatment. Recently, 
researchers in collaboration with the Mayo Clinic have developed 
a platform trained on ECG information to screen for and diagnose 
ALVD.7 This AI system identifies individuals with ALVD by producing 

an ejection fraction (a percentage fraction of the blood that is ejected 
from the ventricles14). The study found that patients with a positive 
screen by the AI system were at four times the risk of developing 
ALVD in the future than those who screened negative for ALVD.7

Currently, the most reliable method of screening for ALVD is with an 
echocardiogram.15 However, echocardiograms are not commonly 
available in non-specialist clinics,15 and there is not currently any form 
of ALVD screening tool that is “inexpensive, widely available and non-
invasive to facilitate early intervention by general clinicians”. 15 The 
AI screening tool for ALVD can help solve this issue as it utilises the 
low-cost ECG,7 which is already used commonly in clinical practice.

On the other hand, in a 2023 study, researchers found that of the 
two ALVD signs found by ECG (T wave inversions and low QRS 
amplitude16), only 57.4% of individuals with ALVD showed T wave 
inversions and 22.2% displayed a low QRS amplitude.16 A normal ECG 
result does not disprove an ALVD or heart failure diagnosis,17 due to 
the inconsistency of ECG indications. Therefore, utilising the low-cost 
ECG to detect ALVD is not as accurate as the standard method of 
diagnosing via echocardiogram.18

This tool can help clinicians detect ALVD early before progression 
to heart failure.15  As ALVD is a treatable disease, the application of 
this AI device may be able to improve the quality and longevity of 
life for people living with the condition,7 as clinicians can diagnose 
and treat ALVD early on. However, it is vital that the diagnostic 
accuracy of using the low-cost ECG is considered.17 Despite being a 
useful screening tool for ALVD, ECGs cannot diagnose heart failure as 
accurately as an echocardiogram.18

Examples of AI systems utilising cardiac imaging 
data for diagnostics

Analysing echocardiograms to assess left ventricular ejection 
fraction (LVEF)

LVEF is currently used by clinicians to guide decisions on treatments 
for individuals with CVDs and is mainly determined from an 
echocardiogram.19 It is recommended that when assessing LVEF, 
multiple readings should be taken over multiple cardiac cycles to 
determine an accurate value.19 However, in 2021 over 64,962 people 
in England waited for an echocardiogram for 6 weeks or more.3 This 
emphasises the issue that despite echocardiograms being vital for 
assessment and allocation of treatments to patients, the long waitlist 
can “create a domino effect of disruption to heart care and treatment 
that puts lives at risk”. 20 Furthermore, the current LVEF assessment is 
subject to human error and therefore may not be precise.19

Research published in Nature in 2023 aims to solve this issue, 
comparing the accuracy of sonographers (an allied health 
professional who performs and analyses ultrasounds21) and an AI 
system in assessing LVEF. The research found that the AI system was 
superior to sonographers in the initial assessment of LVEF and that 
cardiologists who were performing a secondary assessment took less 
time to read the AI report than one provided by the sonographers.19 
Moreover, in a 2025 study, it was reported that sonographers, using 
a combination of their own skills alongside AI assistance, had a 25% 
reduction in ultrasound scan time.22

In spite of this, the use of AI could replace the shared decision-making 
process and reduce the need for hands-on clinical expertise.23,24 
Sonographers may wonder if AI systems could replace them, due to 
their efficiency in assessing LVEF and their reduction of ultrasound 
scan time.25 Moreover, increased AI assistance may hinder core skills 
development and decrease clinicians’ responsibilities.26 Despite this, 
AI assistance in sonography may not supplant the profession, due 
to its irreplaceable practical skill.25 Instead, it may increase efficiency 
and help sonographers to improve their practice.22 By utilising AI 
assistance in sonography, waiting times for essential echocardiograms 
could be reduced due to optimised LVEF assessment. 
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Analysing computed tomography coronary angiography (CTCA) to 
predict heart attack risk

In current clinical practice, individuals are referred to have a CTCA 
to determine if they have coronary artery disease (CAD).27 On a 
CTCA, diagnosis of CAD is determined by assessing the narrowing 
of the arteries. However, these CTCA scans cannot predict the 
risk of having a major cardiac event such as a heart attack.28 As of 
2021, 20,061 people under the age of 75 died from heart attacks 
and over four out of five deaths due to CVDs every year across the 
globe are due to heart attacks.29,1 Oxford researchers have developed 
the Cari-Heart device, which utilises AI systems to analyse CTCA 
scans to predict future risk of CVDs and heart attacks by detecting 
coronary artery inflammation.28,30 As current CTCA scans cannot 
detect inflammation,27 the Cari-Heart device could be instrumental 
in preventing serious heart attacks as it can predict the risk of a 
serious event long before it happens, allowing clinicians to treat the 
underlying cause.30

However, NICE does not currently recommend Cari-Heart for use in 
clinical settings as there is not sufficient evidence to suggest that 
treating coronary artery inflammation would reduce heart attack 
risk.27 Furthermore, they suggested that further research is required 
on different types of CAD to demonstrate whether there is a difference 
in inflammation. Therefore, it can be concluded that further research 
is required to assess the real benefit of using Cari-Heart in clinical 
settings to assess heart attack risk, as it is not conclusive whether or 
not it would reduce mortality rate or if Cari-Heart can successfully 
predict patient risk of a serious cardiac event.27

Conclusion

Although a relatively new avenue of research, the applications of AI 
in diagnostics for CAD and heart failure are wide. From predicting 
risk of CVDs and heart attacks, to diagnosing ALVD and decreasing 
assessment times for LVEF, AI represents an exciting method of 
enhancing patient care and decreasing pressure on clinicians. To 
advance these technologies so they can be used to their full potential 
in clinical practice, more research needs to be conducted to prove 
the value and benefits of using systems like Cari-Heart and ECG-
based ALVD assessment. Developers should ensure that further 
implementation of AI into clinical practice does not threaten the 
existence of other healthcare roles, such as sonographers, as it is 
vital that AI is used to improve clinical practice instead of replacing 
it. If these AI systems can be proven to be useful and safe to use in 
practice, and patient data is sufficiently protected, it may be key to 
solving issues currently faced in CAD and heart failure diagnostics.
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